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(57) Abstract: 

PROBLEM TO BE SOLVED: To realize a continuous 
oscillation at room temp, by reducing trie threshold current 
of a laser made of a nitride semiconductor. 



SOLUTION: A laser comprises an active layer 13 formed 
on the upper part of a substrate 10, first p-type clad layer 
14 having a ridge-like stripe on the active layer and buried 
nitride semiconductor layer 20 formed on the stripe side 
face of the clad layer 14; the layer 20 has a lower 
refractive index than those of the layers 13, 14 to result in 
reduction of the threshold current, thus obtaining a 
single-mode laser beam. 
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[if^2] ftu§3rS&JI#In x Ga,-xN (0<X< 
1) !)&^i^U H*i3l?§l©p§y^>y FJg#A 10 
l.Ga,-.N (0^a<l) X X> &&JS£W U 
toji^jg^AlbGai-bN (0<b^l, b>a) «fc t) 
& s JB & *rr * fe^aRi: f s if &m l K i3f£©g{b 

[If$f<*13] H?J§2JI«>&c&Jgfc. <J>£< fcfcnSfcgL 
< i sy©Ms«3##fttf fc^trd h 

(if ^ 4 ] y y ^^©«o©S*g^® 
Ctf^5] ii>J§3S«>&#Jl©^®£:, fij!3^1©p 

<t t) *> m > k 3=* v y^.^)v^~-ifi>\^ 2 © p 
z£%&m±i-f2>ffi&iM i «tv*b4©wrfta»— jgtgg 
[38ra©ifcfflfeSBii8] 

[0 0 0 1] 

[^iOStS Wg] (In 30 

xAlvGa,.x- r N 4 O^X, 0^Y, X+Y^l) 

1 0 0 0 2 ] 

[t»©&ffi] &*~Wfe<0SSt£fc$8#3-5 ifSK^ 

©4'10nmOl/-!f«lg$^lfe Jpn.J. 
Appl.Phys. Vol35 (1996) pp.L74-76) 0 Mbfel/- 
tf&^&Vfri&S©^ h^f 7*£!©l/ — tf£^T?& 

^&Ji£^ftmb«^f*Jf©* 40 

^,Btfg3U— ♦^^©BflfMSfLtt 1~2 Afc&tK ^ 

So 

[0 0 0 3] m*.&ftffl¥6- 1 5 2 0 7 2f&|g{:S 
Yb^S?#«fc t> & 5 I/— tf 5&^©fl52i*SM < o^^ix 

7#©r£ttM©fM£ i ^©gYb^3*#T-&A,£*gi& - 

©I/— tfffl^©$i£T-raffi*^©(£T(«LlN 0 50 
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[0 0 0 4.] 

[«W##ifcU<fc5fc-raS!SJ 4 10nm©MMU 
[00 0 5] 

fcBfiJcSflfc'J *S>J£tt©* h7-f74ft-5^1©p 
1^7!;KIfcfetU f©ilOpS^7'yh'I©7 

[0 0 0 6] fSffi|tfIn x Ga,-xN (0<X<1) «fc 
Sfc5Jg*#U Hui3^ 10pS^7')/ KMA J A 1 a G 
ai-.N (0^a<l) £D&*J1&WU iiul3il£)ji 
<frJf#Al b Ga,- b N (0<b£K b>a) <fc$&£ 

ji t *> &-<Dmfc%}¥mfcmr'Mi$,£ nx v*& < x *» a 

<s «Sf©lf'fb^^Ji©«tjg«iii c fc?j& 0 TV^*) 

&V>. 

[0 0 0 7] ££>lC$?£LV>lMii:UTx iig§3il#>ji#- 
n§{©^b4&*N?fWI^ U < it i gi^-fb 
4^&ftjg fc^fr d t tc «fc S mffi&m&X- £ S o 

[0 0 0 8] sfc v *»w©i/-ifjR?t«fcafc, 
^fl5«©«!l®©^tg^®K:*ft-S^|gd«9 0° W±T-fe 

[0 0 0 9] StoiA^O^S^. ^l©pS^^^y K 
KS^x -^©«i«)a*ji©JblcS^*nTV>S^ «jt 

ttm2<Dpm#7>v\tm£-m&mmt*j&f$.X'g. sa© 

[0010] 

W&BrffiiaT-$)S 0 S^hLt, S^l 0©±tc:, 
n^n>*^ hll 1, n^ 7 y KJ1 1 2, fSM 1 
3, pS^5f HJB 1 4, *5<tVpM33>^^ hii 1 5 
©$UH8i£&*f UTi3»K ni^7 7FJ|12fcp^ 
5 y HJi 1 4 lx— !f 3fe©«E^fSr©^a bii 
«)ItLT^fflLTl^o ^H^©U--if^^T-(i, 
t4M 1 3 ±{C U «y i^Bt^©^ h z> 4 r^^rf Spl^7 
v Kii 1 4S^rUTV^4. C©0(i^ h^-f ricgg^ 

tt©p^7<n-H140^h7^71®C, rSf4^*5 

^tf^i©ps/^^^ ymx ^ $>m$Tm<D>\szumvm 
*m#*. *> «c as«>>i*js 2 o «^nt^5. cn 
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y Fill 4©S#r«!>&, Mtb^M 2 0©S#r^£ 
'Jx£ #J;U£, Alja^Jt4SrS(4Ji*J:Vp 

32* 7 v b'M 1 4 ct *) &*£l^b«g#T'S«)ji# 

o«r^fig-rn«<kv^o M>ii#jf2oi£g 

pS^7-^ Kii 1 4©±lc, E fc&{b^$ft*J53ig<* 
«ttii*ji^gL^t<> *fc&C, Si?) 
&#Ji2 0<D±{:pS3>^^ hjg 1 5 «j£SS#ftffi 

gmi&ng!, pi, iMOir*l©gftST*>&^#, 
ff*L<ttiS£L<ttn3!!ffl$S£Ji:?-a. 
[0 0 11] ££tc, #16118© l/-tfJfrPCBu rg&Ji 
^InxGa.-xN (0<X<1) iDftSjgfe^U P 
S*^y KJg#Al.Gai-.N (0^a<l) 
JB£*TU S«>a*iJg*sAl b Gai-bN (0<b£l, 
b>a) £Sfc£ji£W-r£o M^InGaN^t 
tr/i£f-£©li, I nGaNfcfc£il©t4g#AlGaN 
fcJt^T3H63b»^Ot, I/— !f #£ 

7*oi^;i/^-As 1 . 95eV-3. 4eV£T*&Sfc 
to, 3 6 5 nm~6 6 OnmF^T-O^ttl^^LDS^ 
tZZk&X-%Z> 0 $?,t^W^©^T^ja^ 
©it®tt*§fctmTfc&£©T\ tSttJf£«i:*7 

SLOpM*?* KA«A1.0ai..N (0^a<l) i: 
MteJf fc©J3#*II&*fKX£*©T?IK;«fft 
©3fe^fc&»#*»£WicfT;l*. <*&tc*fc, 

^tt©y ^^©fi!iiiitji5^$nTv>5ffl«)a*jg^ p 

§8*7* KJg«k f3^Aia^Jt^^t>Al b Ga l -bN 

(o<b^i) t-r^, a«f** s P^5 9ri?a < fc») 
v<DTtz.mK&tot>tix. m^m^m^mm(Du-vm 

S£(c$?£Li>c:i;ic:, Al b Ga,- b Nlib<ia#*£< 

V%S. tfUISA lSfij&tb (bffi) #0. 4ftl±fcfc«i: 
*®WfiyX&tt. £©fc»* iS©S46ii»M^UT 
fWBU «#&#Jf#iM SSSfcfiBJtfSfe 
ffl&^*TSfc«>fc, yyWOp^^yh'ltSi 
£lfS*;*-t»-3;:i:#T§S. COttlttAlGaNC^ 
at:tffl^Mfi&5. ££±H2©J;?lc, flMfifcffiit 
5 tcto Ctt n I©^m^ t * - i: & * U*. 
[00 12] ££#^©l/-1f^T-&, rS£Ji, p 

/B©8Jg«iiJ:!>fc^TV>-Cfca^. c©«fcl/CBI3. 

t #fB«B© i/ — tf k & 5 flfe©«jg * ^ tmaxim w 

*7jito Z.COV— tf&W&tgl 10©_t£, nSi3> 



(3) ^¥9-2 4 6 6 5 1 

4 

**bJflll, n£b^b&tf>Jf 1 1 2, n^tf-f 
K if 1 1 3, ^Mfi?#p^M©fgM 114, pSbfe 
^ Kill 15, pSf#BJfcft#>Jg 1 1 6, p§yn>* 

ISl>M>JI112, nl*^ Kjf 1 1 3f£n^7y 
HJf fcUTftMSU Pl)t^ HJil 1 5, fe^pl 
JfefiliMJfl 1 6#pM*vy KJliiUTftffiLT^ 
5. £-f, £©EIK^1\fc5fc/i££JPl 14©±{c, 
pS^tf-Y KJil 1 5£, pffl3fcfflba»jil 1 

T$fci5£Ji©3fe#Blb&«>£ftSo UyS>© 
ffiS®t^fig$nfcS»ii*JfttJSttji 1 14flflfcgBEi, 
Tff2j££ft&B 1 ©Mto&^Jf 2 0 1 pin>^^ 
hjgl 1 7MCgEiEbTJKm$nfe^2©a»a*Ji2 

&-JIJ2U:©«jg #Jx.«AlGaN<i:Dfc3 

a <&5©-e, ^7-^oa!)c<«t-ai 

GaNiMSbtv £ftfcUT©S4M&Wg£*5 
20 ***ADfc<<TgS, i££JIl 14tt£M 

D#pJgfcM®i:©«[jg«SJgfc: J:5fi?fp(ftra« 
l/-tf£*©«ttJlfcLT«fcff*LV\, 
&*>\ -H2©#ii©^-Hf&?££^T4), rS£Jf#l 
nxGa.-xN (0<X<1) J:»>fcSJgfc;£u pli' 
5y KJf #Al a Ga,_.N (0^a<l) «t tu&SJg^r 
£U Mtb&frM&A l b Ga,-bN (0<b£U b> 
a) £*)t£2>m (#tnM, ^L<ttiM) 

30 [0 0 1 3] *fe, *«W©1/— tf^?T'(±, U 
tt©ffifl®©S*Rmffi^^-rS^S*S9 0° 
fcfe^aftfcUT^S. EIltJJ:Via2t^-r0 
liJi^e 2©ftfi*«9 0° &.±X&ZZbifi&£ L 
l\ XftWCDU—ymTiZft^X, Xh^'fT^OpS 
^ 7 y. h'^© U v V<DBm±¥Hz *)©T-(i* < , 0 
01, ^2*^9 0° «tt)*^§v^S, M*ym.£tfiZ 
£5tzi,Xt)Bi<, Ztceu 6Zifi90° ib*'J^^ 

6>, *MT-li9 0° W±, $f*L<li9 0° 
40 V>^S, ££tc$?3;U<(i9 5° W±C-T*. Jfe-ffft 

e>, 9 0° *bb4\$^M*v®izi±m{m*mti-ifi® 

»U 02^9 0° W±{cfSh, AlGaNOi 
a &JS#f^©/h<* v^Yb«i^«S»T- fex USS^k:^ ^ y 
^ tfA «fc 9 tc t TfiK^^ § d *s-t- § Z> o 
[0014]<*£lC£fc, *^©u-1f^?T-tt, * 

UT, MlOpl^7-; KJR<fc!)^t>K^y^ 
i^;W^r-i» J /h$^^2©pS^7y KfftfM^fiT 
50 l>£o fin*>, 01^«fcOT2T-lip^D>^^ h/i 1 
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fcfcpgJGaN#^4>$?£Ll^ piGaNtt^t U Till 
ft £ffe, IEm^3 0^pS3>^^ hjf 
Vf (M^rSlSEE) £{£T£i*3^#-e££„ &fcIE 

mm 3 o *««>&#;i 2 0 x 2 0 2©±{:Mbfci^ 

l*s JE^«i3 O^^T**ffRl"r^^T'IS(tT^So 

^r-fetiii, ^<Dmm^mt>-r±x^^xmm«m 

CO 0 1 6] 

TCft^CDE^Tnfc, MOVPESst:J:t)^B^6DU— 

[0 0 17] Hii*J;tfSttJg*jffi^sx 
g) *tf*;i/ (MgAl 2 o 4 ) l l l®££@£;-r-5^ 
&3 1 OfeMOVPE^gfflSifeSSIrtClftebfc^ 

7*ffll\ Mg5 0 0°CT\ 1 0O»GaN 

^g^-y-So S^3 l 0fc8;;*ir*;i/©flk a® n r 
ffe, SiC, MgO, GaN, Si, ZnO^^a 

[0 0 18] I^TigJg* 1 0 5 0'CJC±tf\ 03ft#^ 

4 #**fflV>T, SiK-T'GaNiDjfes 

n§yn>** hJi3 1 1^4/zm©JiJ|t-^tS. 
n^3>** hjf3 1 lttlnxAlrGa.-x-vN (0 
Ms 0^Y, X+Ygl) T*J««Ci:*«*C*, ^CG 
aN x InGaN, WT^S i h'-7GaN« 

v-ym?(DMmmm$:<&T£itz>zbvx-&z, 

iC^tUtttAl, Ti, W x Cu, Zn, Sn, 



ftSo 

[0 0 19] &S*7 5 O'CJCLTx 

TMG, TMI (MJp^H^S^A) x 7->^- 

^&fi ! #J;tf^Jc^>;tf^$:ffll\ Si F-7InO. 
lGa0.9N<fc &JfitS£^ **l»lh!g*5 0 0*>^yi h 

trnS^^b^^ ^L<liInGaNfM^ 
&£j&g<*-t»-£ A 1 *^trg-fb^^ 
10 <*«fc&&3n3bfcBIU&#>Jg3 1 2^J?lt-M$tS 

A 1 G aNJB©±fcfl£J&P|g<0A 1 GaNSM$tS 
^^I^tfcAlGaNt^^yi'ASA^t 

©£l£lt-rS3<i:#T*£S„ #5yt?fP3itm&l 0 0* 
>^hD-AW±, 0. 5jt/mWT<DjBJ?T?J5fcJUF# 
20 SCiWFJLK 10 0*>^hD-A^H*V^ 
£m^(D&olz'y=> v?ffi±t LT{^fflbtz< 0. 

[0 0 2 0] TO^CTEG, TMA 

#*&ffil>Tx S i K-Tn^A10.3Ga0.7N<tt)5& 
5nS*fflua»f 3 12*0. 5^m©^PT-^$ 
30 nS^bji«)Ji3 1 2iiAl*^t?n^©^fb 

raOAlrGa,-YN (0<Y^1) 

£:#g£L^. 0. lum&*)<bm^bftmb&&>m*: 
•^Ml©±«MttAlGaNT^, eg^t 
40 JC&3o 

[0 0 2 1] m^X. mHJJXlZTMGs T>^-T, 
: Fffi%!)Xx^>/^>Xx%m^s SiK-7nSGaN 
«fc&feSn£bfe#-f KJ13 1 3*5 0 0^->^fD— 
A©«i?T*fi£g$#* 0 nSWK13 13li, In 
S^nSfflg^i^KlinlGaN, U 
<fiH5t?I^^ : L<{i-^M^(Z)I n x Ga,-xN (0^ 
X^l) i:^-So IOlliIgl0 0^>^hn-A 
~1 um<DmJ¥X'f&&$-ZZZ£&m$.[s<s ftlZln 
GaN. GaNtt SCI J: t)^cDfSf4Ji 1 0 4£M 
50 ^jiht-S^h^^(CqJt|^^s 0 #l&bmt- 
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mifH 4 KJf 3 1 3^©rSttIi£^£-#©nS!/i 

[0 0 2 2] ftCB«^tTMO % TMI, 
T£ffl^TrSttJi3 1 4£$H£i±£ 0 rSffi®J±®g6 
7 5 0'Cfc&i#LT N £?V>K-:/In0.2Ga0.8N 
J:5&5#pja&2 5#>^* hP-A©KJ?T/&££ 
&tCTMI©*;i/Jt&£fb3^5©3itN H-fi 
fif, y > K— ?*In0.01Ga0.95N.fci>fcStfftgJI& 

i3H]«&u g«#pm$M£imiWo. 1 
umomm(D&mm¥#pffi&£t)tz%m&m3 14& 

/£H£i*So 

[0023] iSi4jg 3 1 4 fctl nfe^trSft«*«#T- 
WfiJcU lwiBUfc«fc9fcff3;U<ttH^ig|i©InxG 
a,-xN (0<X<1) fcdfeJIfct-acfctfSSUi. 
H7cigJl© I n G a NttE5cig.i©&©fcit^T*gil£ 
Jp&V^JjPfa&ftS©-?!, **W*4*fil±'f *. -£©* 
T?fc#fc#*L<tt?S^£InxGa,-xN.fc&&3# 
pJii^ #p^J;?)*^>l«=¥+y7'©*#V>*fl3«J* 
^*i)fc*»Mfc*MLfcM**#F«iS (M 
QW : Multi-quantum-well) btZo RgJgfcPlSCH 
tcSS©! nx- Ga.-x'N (0^X'<1 N r<X) 

*l<, m«#p+P$s+#p+ • • -+mm+#p 

*«JS8-r*« £©J:5KiS£Jg£lnGaNfcgfJgL& 
MQWm^ S?ip™^T^3 6 5nm~6 6 
0nmffinf©iaai*feLD*^1-5^i:* J t&a. $ 
£K> #pJl©±£InGaNJ;»>&S|$giJi£«Jir 
InGaNiD&SSSSIiGaN, AlGaN 

So InGaNi:GaNt t-ii^r 0 ©^5SI 

#H&S„ ^J^.IfM0VPEffiTH:InGaNii6 0 0 
4 C~8 0 O^T-fifcg£-e-S©fc*rUT* GaNJ±8 0 0 
*C£ D^S£-CJ5fc&$«S. ^oTx InGaN^D 
&5#PJ1 GaNiO^S^IM 

So m&m&&±\f&t, ^fcfigg*tfeInGaN# 
PW#«¥UTL£5©T?INl£©^#p;i£feS;: 
i:ttigU\> ££K#PJp©J^ra+*>^ hP- 
AU^fc^ &$©#F7i##$tS£MQW£tf^ir 
S©#Sfi£:fcSo *ftt#Ufc#8HJ3T-&x f^MJifcl 

fcV*©T?> *SM£©H^MQW£^tS 

So cftfiMQw©gfc#£u->*§«£^u&fc©-t-& 

S#, itttpIfelnGaN, M&GaN, Al 
GaN©«fc-5K#F7f J:!>*W£/i©^> m^^x 
*;u*-£*£<?-fti£^©£dmE£T-£J^o £fc 
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d©rSM3 1 4&#— ©#pjf<o^T*fll^l/&#~g 

[0 0 2 4] iSteJf 3 1 4$H&, 1 0 5 0'C£ 

LTTMG, TMA % T^-feT**-^^ 

A) &fflV\ M&h*-7-p^A10.2Ga0.8Ni!))S;^ 

psh»;7is i o o*>rxhu-&<Dmmx'm& 

c©pl^v7iiii>mWT, 
L<ttl 0^->^bD-AW± x 0. l/m&T©M 
-&SC:£:fc:«fc!j % InGaNiiJJfeSSftJi 
S © S * +■ f :T® UT ©f^ffl 

St<(iAlyGa 1 -vN (0<Y<1) £!);&Sp§y* 

±*S. £©pSJ**v:/Jg©^{±l/zmJ;t>fcj|M,\ 

COO 2 5] 0 5 0*CJC&£fL£#£ x T 

MG, Cp2Mg*fflV>Ms K-7"p3!G 

aN<t!)^plW K«3 1 5£5 0 0*>y^ h 
n-A©&jrC-rit£i*«. pS**>f KM 3 15*, 
In£^trpffi©gfb^£ft:gL<.fctpg!GaN, $? 
*L<»— Tcig^Sfett^TcSSCInxGai-xN (0 
^Xg 1 ) £/&H£-tf-So KJlfcJu am 1 0 0^ 

t< % 4ffcInGaN x GaNiifSCiiiCt t) v &© 

[0 0 2 6]J^Tx TMG, TMA, T>^=-Ts C 
p2Mg§ffl^TMg F-:rA10.3Ga0.7N<fc»)fcS 
pS^D&&/f3 1 6£0. 5/im©MiPT-fi2#^^- 
So 04tpS^i:ii«)ji3 1 6£T-I&&$-&tz'5^ 

-jwmm&m&wt. ps^bii>&«>i3 1 6 

(±, Al$:^trp^©^«*^f^U, $?£U< 
li-7cig^*t(iH^ciia©Al.Gai-oN (0<ag 
l) fcl-3£fcfcj:»)eil£©&v>fc©#f#e>*is. p 
g#Hfcfc«>JB3 1 6ttnS^biiK>®3 1 2^|aJC- 
<, 0. l/zm~l/zm©J^T-$ll$H*Sc:i;#M£ 
L<, AlGaN©£5&Al£^tfp^ttW^te 

So 

[0 0 2 7] (U-^M©P^7y K^^figt-S 
XH) pS^tii«>jg3 1 6s£HgL ->^-^^Sic> 
^ii^?>^f3HiL, pffl)fcKbji«)jg3 1 6©&tS£, 

m©S iO.ifJ^SSgm^ff^-rSo ffiSIIS3 0 0 

ifM'^, rie imi^^y^j^y^/) £E£/B^ 
t, H5fc^tJ:-5^ pS5fe^bji«)/i3 1 6^0. 
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0 0° i:t5 e xy^>^ % b&Rffi® 

T*tfJ#rbfcPg©0£^bTl>£, ^^Jfi^Tttaiy^v 
£ r gg<*£p^f^b&«)Jg3 1 6<D&cp$LtZb bfc#, 
V*3 <^ pSM-f FI3 15, SfcttpSy* 

V». vMXX'f b'M3 1 5T*fi£fl£lt«>, fOp 10 

[0 0 2 8]i^>m &8j&£Bfc*U «ffcfc»; 
y$>©K±©pSbfeB!b&«>Jg3 1 6©^®C, SiO 
»£&feSS'J©«SIK&ff2l5£bfc& % ^x-;\^Si/5 
ffi8&rt£&£U &fcpS!3fcllIba»J!3 1 6CD^® 
£il«>j&^/g 4 0 0 5Mt5o 

[0 0 2 9] («a&»JB£j&£-*-«X@) SS->x- 20 

V\ 1 0 5 0°CT-S i K— 7*nMA10.5Ga0.5N<fc?5 
fcS*#>&iWg4'0'0&0. 2/«m©^T^^g^ 

&&>m3 i eo^ictt^-rs^ s io s< t$fc£& 

LTli, S i 0»W^©ffifb'!r<YJS& 
(SixO Y ) , &fcT4% (SixNr) *?#fc£o * 
^ i»a*J|4 0 0liiSOAlTGa,.»Ni:LTt 30 

J:e>&«psm*«n^ n#^tt*s«<t^naa«K- 

*6^&K-rb&tt®T-Al©®Slfc*0!liKO. 4JW 

*JB*BfiE-rsi:Sat^Jii:bT0f^ffl**»*. -e© 
fttu Sa&&*JgttpS©£fb^£ttfc'bT4>&v*. m 

T^ffltS. 40 

coo3 0] n&%,frm4 o oj&j«su 

*b&#, ->x-;\^ggrttiffigu 1 0 5 0-C 
T'Mg F-7p^GaNJ:!3^Sp^>^^ bM3 1 
7^ 0. 5//m£DJKffT-j^^^^.2.o pi3>^^h 
S3 1 7iip^I n x A lyGa.-x-vN (0^X, 0^ 
Y, X+Y^l) T-ilStSifctft-ts *8fClnGa 
N. GaN, ^©•fT'&MgS: b*— rbfcpSIGaNi; 

S&**y7ig£©ii^p3yi#?#&;h,T\ IE 50 



*SB8¥9 - 2 4 6 6 5 1 

10 

yfiimifimbti. Hfi§MB8ftfcfcT 
lEWSOtmfcbTttNi^ P 
d, Ir, Rh, Pt s Ag, Au?«Difc«{fl<}tt$H» 

[0 0 3 1] W±©<t ^ C UTifb^^^ii Ufc 

^5=">y (RIE) ggKTx ^±Ji©p^D>#^h 
Jg3 1 7frt>mtR^v?-*fr\,\ iliMt^^n 
hjf3 1 l©¥®£gtfi:*-£3 0 ^{:I±I 

©pSJn>^^ hjg 3 i 7<Dmz±miziEmM3 o*r* 

©SSJEtBEifc^fT* oJOU vi/<D7> h ^-f T'fC^FfT 

T-ttp£i*+ v:7Jg, piWK]|3 15, pSbfcBI 
bM>/13 1 6^©rattJf&flM,£-;fr©p£yifcfc, £ 

coo3 2] iwi, ^^-^^sf^^et^ 

U ^*g£8 0/£m©^^{C5fe5^x-5ff^bT^i< bfc 

^lait^x-^^ ^»^br, ^stiS5oo// 

m<D]s— yT-yyt-tZo m 3 l£Z(D\s— 

^fct- i->>*£§&abTi/— tf^^bfch^^s 

Hfi&SifitfifiSfcO. 1AT\ 4 10nm®MM^ 

bfco 

[00 33] 

[&E©3&*] JW±K^b feints n§&/f©±l3j?M 
ZtltiV v*SM&<DX H7-f7^tSpM^7^ KJi 
P^^'y^^h^-f^fK, ?Sf$Jg:fc' 
•fcl/^pS^^y h*ii«fc£fcia#r^©'J^V^{»¥^ 

im i ] *ftmz&z-is~v%?(Dffimit7j\-fm5Z 

[0 3] *«Wtd0r»S-U— !fSR?©«5Jift^^sc 



(7) 



11 

eta 7] m^jo-is^^t s fc«i© -> i-a© 
10, HQs 3io- ■ 



9-246651 



12 



3 0 
10 3 1 



11, 111, 3 1 1 • • • nS3>^^ f>Ji 

12, 112, 3 1 2 • • • nmmb&tbm 
113, 3 1 3 • • • nmytXJ FJf 

13, 114, 314 • • - mm 

115, 3 1 5 • • • pmftJJJ N'JB 

14, 116, 3 1 6 • • • pmftmt&&m 

15, 117, 3 1 7 • • ■ pS3>^^ hji 

2 0, 2 0 1, 2 0 2, 4 0 0 • • -Mib&frm 

-mmm 



1] 



[0 2] 





